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Past, present and future experimental tests of quantum
nonlocality are discussed. Consequences of assuming that the
state-vector collapse is a real physical phenomenon in space-
time are developed. These lead to experiments feasible with
today’s technology.
I. INTRODUCTION
Central to quantum mechanics is the superposition
principle: if ψ1 and ψ2 are two mathematical objects rep-
resenting two possible physical states of a quantum sys-
tem, then any linear combination, in particular ψ1 + ψ2,
represents also a possible state of this system. Accord-
ingly, the ψ’s are usually called state-vectors. This math-
ematical formulation of the superposition principle en-
compasses essentially all peculiar aspects of quantum
physics. The wave-particle dualism, for example, is re-
flected by the fact that the linear addition of waves has
a straightforward meaning, but in quantum mechanics it
applies even to systems that have well localized effects,
like particles. If this would be all the story, then a pilot-
wave picture a` la De Broglie-Bohm would be most natu-
ral: the particle is guided by a wave, like a cork guided
by water waves. For example, this model provides a clas-
sical picture of the famous two-slit experiment. But the
particle-wave dualism is not the entire story of the su-
perposition principle.
In this contribution, we discuss some past, present and
future tests of quantum physics. We insist mainly on
two points. The first one concerns the importance of
quantum nonlocality. Indeed, it is only when the super-
position principle is applied to systems composed of a
few particles that the most stringent characteristics of
quantum mechanics can be tested: if the system is not
composed, then a classical picture suffice, as briefly men-
tioned above; if, on the contrary, the system is composed
of many particles, then the complexity of the situation
makes it useless for experimental tests, as discussed in the
next section. The second point we like to emphasize is
the much discussed collapse of the state vector. Whether
this collapse is a real physical phenomenon or not is a
long debate. We approach this delicate question by con-
centrating on assumptions formulated in such a way that
they can be tested with today’s technology. Our guide is
the tension between quantum nonlocality and relativity:
if the collapse is a real physical phenomenon, then it is
incompatibility with special relativity and must thus lead
to new measurable effects.
In the next section, the measurement problem and
EPR-Bell tests are briefly commented, with emphasize
on the detection and the locality loopholes (paragraphs
IIA and II B, respectively). In section III four differ-
ent assumptions about the collapse of the state-vector as
a physical phenomenon in space-time are presented and
some experimental results reviewed. Finally, a further
assumption is discussed in section IV.
II. A BRIEF HISTORICAL PERSPECTIVE
Einstein, Podolsky and Rosen [1], and Schro¨dinger [2]
showed that when the superposition principle is applied
to multiparticle systems, situations even more bizarre
(i.e. counter to our classical intuition) than the two-
slit experiment occur. A first example is the infamous
quantum measurement problem: the superposition prin-
ciple predicts that if result 1 is possible with the sys-
tem+measurement apparatus final state represented by
ψ1 and result 2 is possible with final state ψ2, then, in
principle, ψ1 + ψ2 represents also a possible state, al-
though this is never observed. This measurement prob-
lem suffers from a serious limitation: while quantum the-
ory admits ψ1+ψ2 as a state, it predicts that the situation
represented by ψ1 + ψ2 is in practice unobservable. This
is due to the unavoidable interaction with the environ-
ment which hides the correlations predicted by ψ1 + ψ2.
This ”hiding” is called decoherence. Whether one finds
this solution satisfactory or not is ”human dependent”!
Some are fascinated by the consistency of the quantum
formalism. Some find it strange that the fact that a pe-
culiar prediction can’t be tested is counted in favor of
the theory: isn’t physics about testing the most peculiar
predictions of our best theories? Anyway, the fact re-
mains that the measurement problem can’t be solved by
experiments, at least not with today’s technology. But
this is still not the end of the story.
Let’s apply the superposition principle to a system
composed of two spatially separated objects A and B.
If object A is in state α1 and object B in state β1, then
the combined system is in state α1 ⊗ β1. Consequently,
α1 ⊗ β1 + α2 ⊗ β2 (1)
must also represent a possible state of the composed sys-
tem. Moreover, contrary to the measurement problem,
states of the form (1) can be produced in controlled envi-
ronments and can be measured almost perfectly (we shall
come back to the ”almost” in the next section). States
1
of the form (1) which can’t be written as a product (by
changing the basis) are called entangled [3,4]. Entangled
states have bizarre properties. First they allow remote
state preparation: by performing a measurement on the
object A, object B is prepared in a well defined state.
Note that one can’t decide the state in which to prepare
B, but once the measurement result on A is registered,
the state of B is well determined. This bizarre predic-
tion can be tested: perform independent measurements
on many identically prepared objects and register the
results. Then, select the cases where object B was pre-
pared in a specific state and check that the measurement
outcomes on B for these cases are compatible with the
predicted state. But this is still not the entire story.
Bell has showed that the situation is even more bizarre
[5]. Let a and a′ denote possible measurements on A with
results α and α′, respectively, and similarly b and b′ mea-
surements on B with results β and β′. Then (α, β) and
(α, β′) denote possible joint results when a is measured
simultaneously with b and b′, respectively. Now, it seems
almost obvious that if the objects A and B are spatially
separated, then results on A do not depend on what is
measured on B. This locality assumption implies that
if result α is registered, this does not depend on which
measurement b or b′ was performed on B, and vice-versa.
Hence, ascribing to the results the values ±1, they satisfy
the following inequality:
α · β + α · β′ + α′ · β − α′ · β′ = (2)
α · (β + β′) + α′ · (β − β′) ≤ 2 (3)
Consequently, the locality assumption implies that the
expectation values E(a, b) ≡ Mean{α · β} satisfy the
CHSH-Bell inequality [6]:
E(a, b) + E(a, b′) + E(a′, b)− E(a′, b′) ≤ 2 (4)
But, according to quantum mechanics, this is not so! All
entangled pure states violate the inequality (4) for some
properly chosen measurements [7].
Consequently, quantum theory is nonlocal. But is that
serious? Should we bother? It is instructive to recall that
the Einstein-Bohr debate was considered during tens of
years as mere philosophy. Then, came John Bell and
his inequality who turned the question into experimental
physics1. More recently, A. Ekert [8] and Ch. Bennett,
G. Brassard and D. Mermin [9] demonstrated that quan-
tum correlation can be used for secure communication,
hence the question became part of applied physics! No
doubts: quantum nonlocality is central both for our un-
derstanding of the most precise theory ever produced and
1Actually, Bell’s original inequality [5] is untestable because
it assumes perfect correlations. It is the merit of Clauser,
Horn, Shimony and Holt [6] to have derived the inequality
(4) well suited for experimental investigations.
for the huge potential applications of quantum technolo-
gies, for example in the field of quantum communication
and information processing [3,4].
When Bell discovered his inequality, a first surprise
was that no existing experimental data could be used
to test the inequality. Hence, new experiments had to
be designed and carried out. The first experiments gave
conflicting results, a fact which probably explains in part
why Clauser’s experiment is too often forgotten [10].
Since Aspect and co-workers experiments in the early
80’s [11] many laboratories around the world performed
experiments confirming the bizarre predictions of quan-
tum mechanics (see [12,13] and references therein). A few
years ago, we demonstrated that the experiment can also
be brought out of the lab [13,14]. Using standard telecom
fibers, we could violate Bell inequalities by photons that
propagated 8 and 9 km, respectively, and were analysed
in two Swisscom stations distant by more than 10 km.
This demonstrated the robustness of entanglement and
its potential for applications in quantum communication.
But the story does not end with all these beautiful
experiments! Indeed, first these experiments use real,
i.e. non-ideal devices, hence suffer from some loopholes.
Next, once one admits the existence of quantum nonlo-
cality, new questions arise. The next two paragraphs,
II A and II B, briefly summarise the detection and the
locality loopholes. Then, the sections III and IV present
ideas for new tests and some first results.
A. The detection loophole
Real detectors have a finite efficiency. Actually, almost
all experiments to date used detectors with efficiencies
below 50%, this mean that the detectors miss most of
the particles and that the correlations are measured on
less than a quarter of the particle pairs. From the stan-
dard quantum mechanics point of view, this is easy to
explain and does not cause any problem. However, if
one admits that additional variables, not yet discovered,
could exist, then this is a serious problem [15]. For ex-
ample suppose that we did not know that photons have
a variable called polarization. Polarizer and polarization
sensitive detectors would nevertheless exist! Hence, from
the local variable point of view it is very plausible that
the detectors and other elements we use in our exper-
iments are sensitive to these additional variables, even
if we are not (yet) able to master them. It is not diffi-
cult at all to device models explaining all existing results
using only local variables and the assumption that the
detectors are sensitive to these local variables (see e.g.
[16]).
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B. Experiments closing the locality loophole
In most tests of Bell inequality, the settings a and b are
changed very slowly. Often one even keeps them fixed un-
til enough data are acquired to compute the correspond-
ing correlation E(a, b). Consequently, one could imagine
that the analysers somehow influence the source and that
the photon pairs are emitted in a state which depends on
the analyzers. Although such a solution would require
a completely new kind of influence, it would not require
any superluminal signaling. Hence it is worth testing.
Aspect and co-workers performed the first test closing
this loophole, using quasi-periodic acousto-optic modu-
lators [17]. More recently, G. Weihs and co-workers per-
formed an experiment using fast polarization modulators
[12]. In this experiment, the settings were chosen by ran-
dom generators, based on quantum mechanics. W. Tittel
and colleagues also performed an experiment which can
be considered closing this loophole [14,18]. In the later
the random choice was also of quantum origin, but imple-
mented using an internal degree of freedom of the tested
photons, independent from the variable used to test the
inequality.
As shown in ref. [18], these tests of the locality loophole
are not independent of the detection loophole. The story
on the loopholes in Bell tests is thus not yet completely
closed, although a result contradicting quantum mechan-
ics in these nowadays standard experiments would come
as a huge surprise.
III. ”SPEED” OF THE ”SPOOKY ACTION AT A
DISTANCE
Let’s assume that the collapse of the wavepacket is a
real physical phenomenon. Some physicists will imme-
diately react that such an assumption is not necessary.
At this point one could start to argue. The argument
would probably turn around some form of the measure-
ment problem, or involve a many-world interpretation
[19]. But none of these can be tested with today’s tech-
nology. Consequently, better than arguing, let’s explore
the consequences of the assumption! Indeed, wouldn’t
it be nicer to argue against the concept of collapse as a
physical phenomena by designing and performing exper-
iments, rather than arguing that collapses might not be
required to explain present day data?
If there is a physical phenomenon in space-time, there
must be a speed. What is the speed of the ”collapse” and
how could one measure it? First about semantics. We
don’t have in mind the time it takes for a collapse process
to take place. Rather we think of the time it takes be-
fore distance systems entangled with the measured one
collapse themselves. Hence, we believe that ”speed of
quantum information” is an appropriate name2. Other
possibilities would be ”speed of quantum influence”, or
”speed of the spooky action”, but we consider them as in-
appropriate to design an assumed real phenomenon. So,
let’s call this hypothetical speed, ”speed of quantum in-
formation” and denote it vQI . As any speed, vQI < ∞
and its value depends on the reference frame. Accepting
the results of Bell tests, we know that this speed must
be superluminal, vQI > c. Hence, even the chronology
depends on the reference frame. Assuming that there is
a cause – a probabilistic cause in the form of a measure-
ment outcome here – and an effect there, related either
deterministically or probabilistically, the reference frame
(if it exists) must be determined either by the very con-
dition of the experiment itself, or by cosmology. In this
section, we review four possibilities. The three first ones
have been tested experimentally (though sometimes with
additional assumptions). In the next section IV we elab-
orate on some possibly future directions.
A. Laboratory frame
A first very natural assumption is that the reference
frame is determined by the massive local environment
of the experiment, i.e. by the laboratory frame, or, in
case of our long distance Bell experiment, by the Geneva
frame. Indeed, as long as all the parts of the experi-
ment are at rest in the lab reference frame, it is a natural
assumption (in paragraph III C we consider what could
happen if the different parts are in relative motion). A
testable consequence of this idea is that if the two mea-
surements on the two entangled particles take place si-
multaneously in the lab frame, then, however large vQI
might be, each particle produces a result before being
informed that the other particle also undergoes a mea-
surement. Consequently, in case of perfect simultaneity
in the lab frame, the quantum correlation should disap-
pear. In real tests the measurements are never perfectly
simultaneous. But a finite precision in the timing, sets
a lower bound to the speed of quantum information. In
1999 we performed an experiment in which careful fiber
length and chromatic dispersion adjustments provided a
timing accuracy of ±5 ps over a distance of 10.6 km,
setting the lower bound [20,21]:
vQI ≥
2
3
107c (5)
where c denotes the speed of light. This is a large number
indeed! It is tempting to conclude that the laboratory
2Admittedly, there is the danger that one (intentionally or
not!) forgets the qualification ”quantum” and concludes that
information propagates faster than light. There will always
be ways to mistreat terminology.
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(Geneva) frame is not the correct one. But one should
be careful. For centuries, the fastest measured speed was
that of sound and the speed of light was considered ill
defined or infinite. However, first measurements of the
speed of light found values 6 orders of magnitude larger
than the speed of sound in air3.
B. Cosmic background radiation frame
The most natural singled out reference frame in cos-
mology is determined by the cosmic background radia-
tion. In a recent paper we analyzed our 1999 experiment
in this context [22]. The result is that our data set a
lower bound of
vQI ≥ 2 · 10
4 c, (6)
again an impressive value. Improved experiments, in par-
ticular with faster data acquisition, could still increase
this bound by several orders of magnitude (or find new
physics!).
C. Detector frame
A third quite natural assumption is that the reference
frame is determined by the massive device that triggers
the collapse. This possibility is inspired by, though dif-
ferent from Antoine Suarez ideas [23,24]. It is similar to
the laboratory frame assumption discussed in subsection
IIIA. The most important difference is that different
trigger devices can be in relative motion and thus de-
termine different frames. In particular one can think of
situations where two trigger devices both trigger a col-
lapse before the other, each in its own inertial reference
frame! In such a case the concept of collapse as a causal
explanation collapses!
Testing this assumption is difficult, but not impossible.
Using the 5 ps timing accuracy over 10 km obtained in
our 1999 experiment, a relative speed of 50 m/s between
the two trigger devices suffices [20,21]. More delicate is
the question ”what is a trigger device”? i.e. what trig-
gers the collapse? Again many physicists will answer:
”nothing, since collapses do not exist!”. But we prefer
to make testable assumptions. Probably, the assump-
tion that detectors are trigger devices would be generally
considered as natural. But this makes the experiment
specially difficult: one would have to set the detectors,
in our case liquid nitrogen cooled Ge avalanche photo-
diodes, in motion with large velocities. This practical
3Clearly, this is only an analogy. Contrary to quantum in-
formation, both sound and light carry energy and classical
information.
difficulty does of course in no way reduce the interest of
assuming that the detectors are the trigger devices and
we do hope to see an experiment along this line in the
future. However, another interesting assumption is that
any irreversible absorption acts as a trigger device4. But
then, how could one register the results? In [13,14] we
argue that this is still possible if one output port of the
analyzer in connected to an absorbing material and the
other output port to a real detector; the only requirement
being that the absorption takes place well before the par-
ticle sees the detector, as in fig. 1 where the absorber A
is much closer to the interferometric analyzer than the
detector APD3. In this way, the particle emerges from
the analyzer from both output ports, in superposition
with probability amplitudes as in standard quantum me-
chanics. The particle then first encounters the absorber
which triggers a collapse. Either the particle is absorbed
and the collapse reduces the probability amplitude of the
detector path down to zero, or the particle is not ab-
sorbed and the collapse raises the probability amplitude
of the detector path up to one. This is just standard
quantum mechanics. Note that in this configuration the
detectors do not trigger any choice, they only reveal the
results of the measurements actually performed by the
absorbers. In practice, because of the detectors ineffi-
ciencies most results are never registered. We thus need
to assume that the set of collected data constitute a fair
sample of all events. This is an assumption independent
from the hypothesis that massive absorber determine the
reference frames in which the collapse take place, but it
is not a new assumption: as discussed in section IIA all
Bell tests to date must use the fair sampling assumption.
Let us emphasize another aspect of this experiment.
It is known since the very early days of relativity that
the time ordering of events may depend on the refer-
ence frame. In our experiment, two correlated events are
made to happen in such a way that each event in its own
natural reference frame happens first. Moreover, this rel-
ativistic effect could be realized using an ”almost every
day” speed, 100 m/s, the speed of a Ferrari! This is
of interest, even independently of the quantum collapse
issue.
The experimental details are given in [20,21]. The
main conclusion is that the quantum correlation are ob-
served, even in this before-before configuration. This re-
sult contradicts the assumption that absorbers determine
the reference frame in which the collapse propagates.
4In [20,21] we argued that if detectors are assumed to be
trigger devices, then absorbers would equivalently act as trig-
ger devices. Indeed, the essential physics of detectors is the
irreversible absorption which takes place in the first microns
of the upper semi-conductor layers. We still believe that this
is a valid reasoning, but prefer here to present the absorber
case as an independent assumption, in order to avoid confu-
sion between different kinds of arguments.
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D. massive choice device
A further interesting hypothesis assumes that the pre-
ferred frame is determined by the massive device where
the particle choses its path, i.e. the choice device5. This
idea is inspired by the pilot-wave picture a` la De Broglie-
Bohm and has been first proposed by Suarez and Scarani
[23], and developed in [24]. In this picture, the quantum
state vector is called a wave and is assumed to guide
a point particle. Hence, in this model, the particle’s
position is a variable in addition to the usual quantum
state vector (note that the position variable is not hid-
den, quite on the contrary it is the only variable we ac-
cess directly. In this model, it is the state vector which
is hidden!). Beam splitters and polarization analyzer are
examples of devices where the particle’s position makes a
choice, i.e. they are examples of choice devices. It might
be interesting to speculate on how physics would have
developed, in particular how the Einstein-Bohm contro-
versy would have evolved, had De Broglie discovered ear-
lier the model that Bohm published in the 1950’s. But,
even more interesting is that in this model it is very nat-
ural to assume that the reference frames defined by the
choice devices determined the chronology. Accordingly,
when two entangled photons encounter two beam split-
ters in relative motion such that each photon is ”an-
alyzed” by its beam splitter before the other photon,
then, again, a before-before configuration happens and
the quantum correlation should vanish. This is a very
natural extension of the pilot wave model. And it is a
testable one. We are working on realizing such an exper-
iment, using traveling acoustic waves as moving beam
splitters [25].
IV. ONE STATE-VECTOR PER REFERENCE
FRAME?
So far we have always assumed that there is a unique
”state of the universe”. Many theorists have argued that
a way out of the conflict between relativity and collapses
as real physical phenomena is to assume that the state
vector itself depends on the reference frame. Hence, each
foliation of space-time has its own ψ. The different state
vectors are related such that they predict the same statis-
tics of measurement outcomes. Along this way, some
relativistic models of collapses are developed [26]. This
raises however the question of the uniqueness of data [27].
This problem also exists in classical mechanics, though
there it reduces to the uniqueness of initial conditions.
5In [20,21] we used the terminology of choice device also for
detectors and absorbers, i.e. for what we call here trigger
device.
In quantum mechanics the problem is more delicate, be-
cause real choices happen all the time. With a unique
state vector and real collapses, unique data arise natu-
rally in Newtonian relativity with an absolute time. But
the real problem is the compatibility between the unique-
ness of quantum data and Einstein relativity, where tim-
ing is relative.
Associating one state vector to each reference frame
does not solve the uniqueness of data problem. But again
it is instructive to look at long distance quantum cor-
relation with moving devices and to formulate testable
hypothesis. In figure 1 with the moving absorber (the
wheel) there are, in the context under consideration, two
state vectors. The first one, ψ1, is associated to the mov-
ing absorber, the other one, ψ2, is associated to all the
other devices, in particular to the detectors. Hence, all
measurement results to date are compatible with the idea
that the detectors see only ψ2, and not ψ1, while the ab-
sorber only trigger the collapse of ψ1 without affecting
ψ2. To test this, one should replace the moving absorber
by a real detector. The assumption is that the data from
this moving detector show no correlation with the data
from the distant entangled particle, but the data from
detectors at rest shows the quantum correlation. A sur-
prising prediction of this assumption is that in some cases
both the moving and the static detectors detect the par-
ticle! and sometimes none detects it (even assuming per-
fect detectors). On the mean, the number of counts of
each detector corresponds to the standard predictions,
but not in individual cases. There would be a serious
question of energy conservation. But is this really new?
Already in the old EPR paradox, the momentum correla-
tion corresponds to kinetic energy correlation: the kinetic
energy measured on one particle determines the energy
of the other particle. Hence, the distant particle (i.e. not
in direct contact with the measurement apparatus) can
end in states with different energies. Where does this
energy come from or go to?
V. CONCLUSION
The story of quantum nonlocality is fascinating. We
could take advantage of this to promote Physics! We
already learned a lot from it, in particular about the
weirdness and importance of entanglement in the quan-
tum world. We are also learning how important entan-
glement can be for our technology, namely that we could
exploit entanglement to perform tasks classically impos-
sible, like quantum cryptography and many others. This
field is nowaday well recognized under the general name
of quantum information processing [3,4]. But the story
is not at the end. Using new technologies, revolutionary
assumptions can be tested. Admittedly, some of the as-
sumptions discussed in this contribution are wild. But
they are testable with today’s technology and they pro-
vide great intellectual excitement. Moreover, they are
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very natural in the context of the debate about the ex-
istence or non-existence of state-vector collapses, a ques-
tion which triggered animated discussions and disputes
since the very early times of quantum mechanics, 100
years ago. It is worth realizing that there are not that
many alternatives to the existence of ”real collapses”:
without collapses the logical implication of the superpo-
sition principle is that all possibilities co-exist, in the
form of some multiverse [19]. But this huge superposi-
tion can’t be tested directly. Isn’t it nice to argue in favor
or against the concept of collapse as a physical phenom-
ena by designing and performing experiments of the kind
discussed in this contribution!
ACKNOWLEDGEMENTS
This work would not have been possible without the finan-
cial support of the ”Fondation Odier de psycho-physique”. It
also profited from support by Swisscom and the Swiss Na-
tional Science Foundation. We would like to thank A. Suarez
and Ph. Eberhart for very stimulating discussions.
[1] A. Einstein, B. Podolsky & N. Rosen, Can quantum-
mechanical description of physical reality be considered
complete?, Phys. Rev. 47, 777-780, 1935.
[2] E. Schro¨dinger, Naturwissenschaften 23, 807, 1935.
[3] Introduction to Q computation and information, eds H.K.
Lo, S. Popescu & T.P. Spiller, (World Scientific, 1998)
[4] The Physics of quantum information, eds Bouwmeester
D., Ekert A.K. and Zeilinger A., Springer-Verlag 2000.
[5] J. S. Bell, Physics 1, On the Einstein Podolsky Rosen
paradox, 195-200, 1964.
[6] J.F. Clauser, M.A. Horne, A. Shimony and R.A. Holt,
Phys. Rev. Lett. 23, 880, 1969.
[7] N. Gisin, Phys. Lett.A 154, 201, 1991; S. Popescu and
D. Rohrlich, Phys. Lett. A 166, 293, 1992.
[8] A.K. Ekert, Phys. Rev. Lett. 67, 661, 1991.
[9] Ch. Bennett, G. Brassard and Mermin N.D., ”Quantum
cryptography without Bell’s theorem”, Phys. Rev. Lett.
68, 557-559, 1992.
[10] J. Freedman, & J. F.Clauser, “Experimental test of local
hidden variable theories”, Phys. Rev. Lett. 28, 938, 1972.
[11] A. Aspect, P. Grangier, & G. Roger, “Experimental tests
of realistic local theories via Bell’s theorem”, Phys. Rev.
Lett. 47, 460-463, 1981; A. Aspect, P. Grangier & G.
Roger, “Experimental Realization of Einstein-Podolsky-
Rosen-Bohm Gedankenexperiment: A New Violation of
Bell’s Inequalities”, Phys. Rev. Lett. 49 , 91, 1982.
[12] Weihs, G., Reck, M., Weinfurter, H. & Zeilinger, A., Vi-
olation of Bell’s inequality under strict Einstein locality
conditions, Phys. Rev. Lett. 81, 5039-5041, 1998.
[13] Tittel, W., Brendel, J., Gisin, N. & Zbinden, H., Vio-
lation of Bell inequalities by photons more than 10 km
apart, Phys. Rev. Lett. 81, 3563-3566, 1998.
[14] Tittel W., Brendel J., Gisin N. & H. Zbinden, Long-
distance Bell-type tests using energy-time entangled pho-
tons, Phys. Rev. A, 59, 4150-4163, 1999.
[15] P. Pearle, Phys. Rev. D, 2, 1418, 1970; J.F. Clauser, M.A.
Horne, A. Shimony, and R.A. Holt, Phys. Rev. Lett., 23,
880, 1969; E. Santos, Phys.Rev. A, 46, 3646, 1992.
[16] N. Gisin and B. Gisin, Local hidden variable model of
quantum correlation exploiting the detection loophole,
Phys. Lett. A 260, 323–327, 1999.
[17] A. Aspect, J. Dalibard, and G. Roger, Phys. Rev. Lett.
49, 1804, 1982.
[18] H. Zbinden and N. Gisin, Phys. Lett. A 264, 103-107,
1999.
[19] D. Deutsch, The Fabric of Reality, The Penguin Press,
1997.
[20] H. Zbinden et al., ”Experimental Test of Relativis-
tic Quantum State Collapse with Moving Reference
Frames”, quant-ph/0002031
[21] H. Zbinden et al., ”Experimental test of non-local quan-
tum correlation in relativistic configurations”, quant-
ph/0007009
[22] V. Scarani et al., The speed of quantum information
and the preferred frame: analysis of experimental data,
quant-ph/0007008
[23] A. Suarez & V. Scarani, Phys. Lett.A 232, 9, 1997.
[24] A. Suarez, Phys. Lett. A 236, 383, 1997.
[25] A. Suarez, ”QM versus multisimultaneity in experiments
with acousto-optic choice-devices”, Phys. Lett. A 269,
293, 2000.
[26] Ph. Pearle, Relativistic collapse model with tachyonic
features, Phys. Rev. A 59, 80-101, 1999.
[27] R. Omnes, in Open systems and measurement in rela-
tivistic quantum theory, Eds H.-P. Breuer and F. Petruc-
cione, Springer, Berlin 1999.
FIGURE CAPTION
Schematic of the experiments discussed in sections IIIA,
IIIB and IIIC. It consists of a photon pair source entangled
in energy-time and two interferometric analyzers separated
by 10.6 km, see [14]. In the first experiments, the avalanched
photodiodes APD1 and APD2 are set at exactly the same dis-
tance from the source, so that in the Geneva reference frame
they register counts simultaneously with a timing accuracy
of ±5 ps. In a second experiment, the detectors APD1 and
APD2 are replaced by two absorbing surfaces. The absorber
A is static and the second absorber is moving at 100 m/s on a
rotating wheel. They are adjusted such as to be at the same
distance from to source within ±1 mm. With this precision,
each absorber encounters a member of the photon pairs be-
fore the other, each in its own (quasi) inertial reference frame.
The detectors APD3 and APD4 are connected with longer
fibers such that each photon meets first the absorber, next
the detector. For further information about the experiment,
see [21].
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